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(54) SURFACE ACOUSTIC WAVE DEVICE 



PROBLEM TO BE SOLVED: To provide a SAW device which is free of 
characteristic deterioration and very thin and can be made small-sized and 
lightweight and manufactured with ease by completely stopping insulating resin 
from entering a vibration space of SAW and forming the vibration space at 
uniform height to accurate width. 

SOLUTION: A surface acoustic wave element K1 composed of a piezoelectric 
substrate 1 having an excitation electrode 5 for generating a surface acoustic 
wave arranged on an insulating base 7 where a conductor pattern 4 is formed is 
mounted with an arrangement surface of the excitation electrode 5 up and the 




(57)Abstract: 



conductor pattern 4 on the base 7 and an input/output terminal 2 connected to 
the excitation electrode 5 of the surface acoustic wave element K1 are connected 
through a conductor 12 provided in a through hole penetrating the piezoelectric 
substrate 1 between both the main surfaces, so that the surface acoustic wave 
device S1 is constituted. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic element which consists of the piezo-electric 
substrate which arranged the excitation electrode made to generate a surface 
acoustic wave on the insulating base with which the conductor pattern was 
formed It is surface acoustic wave equipment which laid the arrangement side of 
said excitation electrode in the condition of having turned up. Surface acoustic 
wave equipment characterized by connecting through the conductor which 
prepared the input/output terminal connected to the conductor pattern on said 
base, and said excitation electrode of said surface acoustic element in the 
through tube penetrated to both the principal planes of said piezo-electric 
substrate. 

[Claim 2] Surface acoustic wave equipment according to claim 1 characterized by 
making electric conduction resin intervene between the conductor pattern on said 
base, and the inferior surface of tongue of said piezo-electric substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave 
equipment for a resonator and frequency band filters built in mobile wireless 
devices, such as a cellular phone and a land mobile radiotelephone. 
[0002] 

[Description of the Prior Art] The typical amputation stump side Fig. of 
conventional typical surface acoustic wave (it omits Surface Acoustic Wave and 
Following SAW) equipment is shown in drawing 5 and 6. In the SAW equipment 
J1 shown in drawing 5 a SAW component and 51 H1 A piezo-electric substrate, 
The drive circuit of the exterior where 52 was formed in the pad of an I/O 
electrode and 53 was formed in the package front face, The pad of the electric 
conduction pattern connected to a resonance circuit, a grounded circuit, etc., the 
IDT (Inter Digital Transducer) electrode of the ctenidium-like electrode with which 
54 was formed on the piezo-electric substrate for SAW components, The 
package configuration member which 55-57 become from insulating ingredients, 
such as a ceramic and resin, and 58 are lids which consist of a ceramic, a metal 
(covar, 42 alloys, aluminum, Cu), etc. 59 is a wire which connects pads 52 and 
53. With the configuration of this drawing, installation immobilization of the SAW 
component H1 was carried out with adhesives inside the package configuration 
members 55-57, pads 52 and 53 were electrically connected with the wires 59, 
such as aluminum and Au, the lid 58 was further pasted up from the package 57 
with solder, adhesives, etc., and the airtight was held. 

[0003] In the SAW equipment J2 shown in drawing 6 a SAW component and 62 
H2 Moreover, the pad of an I/O electrode, Connection objects to which 63 
connects a pad 62 and a pad 64 electrically, such as a bump, The pad of the 
electric conduction pattern which 64 is formed in substrate 67 front face, and is 



connected to an external drive circuit, a resonance circuit, a grounded circuit, etc., 
The IDT electrode of the ctenidium-like electrode with which 65 was formed on 
the piezo-electric substrate for SAW components, the insulating resin as a 
protective coat with which the mold of 66 was carried out to the whole SAW 
equipment, and 67 are substrates which consist of insulating ingredients, such as 
a ceramic and resin. The configuration of this drawing is a face down 
configuration with which the functional side in which the IDT electrode 65 was 
formed met the substrate 67, and insulating resin 66 has entered even the 
oscillating space of SAW where a functional side exists. 

[0004] The connection object 63 of drawing 6 forms the bump who forms the wire 
of metals, such as Au and aluminum, so that it may become a bump by the ball 
bonding method, or consists of Au, solder, etc. on a pad 62 with vacuum 
deposition, print processes, a replica method, an electroless deposition method, 
or electrolysis plating, and is acquired. And alignment of the connection object 63 
and the pad 64 is carried out, the piezo-electric substrate which established the 
connection object 63 is connected with the reflow scorification of spreading of 
electroconductive glue, or solder, and it fixes on a substrate 67. 
[0005] As other conventional configurations, the SAW equipment J3 (un- 
illustrating) which established the dam in the oscillating space side of the 
connection object of the SAW component or substrate which consists of a piezo- 
electric substrate is also known for the almost same configuration as drawing 6 
so that insulating resin 66 may not enter oscillating space (space which 
recognizes IDT electrode existence) (see JP,5-55303,A). 
[0006] Moreover, the plinth with almost same bump and height which were 
formed on the electrode pad of the excitation electrode of a piezoelectric device 
is arranged in the internal base of a package so that the edge may lap with the 
periphery section of a piezoelectric device, and the SAW equipment J4 (un- 
illustrating) connected to the current carrying part which prepared the bump in 
the interior base of a package by the flip chip method is also proposed (see JP,7- 
212181.A). 



[0007] Furthermore, while pasting a closure member with adhesives, the field of 
another side of a SAW component in which the bump who has the height of 
extent which it flows [ extent ] in one principal plane at a ctenidium-like electrode 
and it, and does not contact this principal plane to the opposed face of a package 
substrate was formed A bump and the package terminal of a package substrate 
contact a closure member. And it attaches in a package substrate so that the 
closure of the space formed from a closure member and a package substrate 
may be carried out, and the SAW equipment J5 (un-illustrating) which closed the 
SAW component in the package is also known (see JP,6-61778,A). 
[0008] 

[Problem(s) to be Solved by the Invention] However, in SAW equipment J1, since 
the wire 59 is used, only the part of the distance of the longitudinal direction 
where a wire 59 exists, and the height direction becomes large, and its volume of 
SAW equipment is disadvantageous for the formation of small lightweight, and 
thin-shape-izing. Moreover, since it has connected one wire at a time with 
wirebonding equipment, a production process becomes complicated. 
Furthermore, when a wire 59 existed, an unnecessary inductance component will 
be added, the frequency characteristics of SAW equipment changed, and there 
was a problem that the time and effort which takes it into consideration on a 
design arose. 

[0009] Moreover, in SAW equipment J2, it is difficult for insulating resin 66 to 
have entered oscillating space (space where the IDT electrode 65 exists), to 
have checked propagation of SAW, since it is in contact with the functional side 
in which the IDT electrode 65 is formed, and to acquire the desired property as 
SAW equipment. <BR> [0010] Moreover, in SAW equipment J3, structure was 
inadequate for becoming complicated or preventing an enter lump of insulating 
resin 66 completely. Moreover, when preparing said annular member, it was 
difficult to form oscillating space correctly by uniform height and width of face. 
[0011] Moreover, in SAW equipment J4, although arranging a damping material 
in the rear face of a SAW component is performed and that function may be 



given to die bond material as this damping material in order to prevent that a bulk 
wave reflects and is outputted with the rear face of a SAW component, this 
cannot be performed. Furthermore, since it is the structure which arranges in the 
interior base of a package, gives space between a lid and a piezoelectric-device 
rear face, and is closed with a lid, the space of a piezoelectric device and a lid 
and the height of a lid are needed, and it is disadvantageous structure in thin- 
shape-izing of surface acoustic wave components. 

[0012] Moreover, in order to paste up a SAW component on a lid side, when 
[ which is a bump ] carrying out alignment or pasting up a SAW component on a 
lid, it is necessary to a package terminal to carry out alignment, and in SAW 
equipment J5, since it is the structure whose self-alignment is impossible, a 
process cannot be simplified. Moreover, lateral allowances are needed for a 
package for alignment, and it is disadvantageous structure in a miniaturization. 
Furthermore, in order to carry out flip chip mounting by face down, the inspection 
after mounting is difficult. 

[0013] therefore, this invention is completed in view of the above-mentioned 
situation ~ having ~ the purpose - an enter lump of the insulating resin to the 
oscillating space of SAW - perfect - it can prevent - oscillating space - uniform 
height and width of face - exact - forming - consequently, property degradation 
of SAW equipment - there is nothing -- moreover - very - a thin shape - it is - 
the formation of small lightweight - possible -- manufacture - it is in offering 
easy SAW equipment. 
[0014] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the elastic wave equipment of this invention The surface acoustic element which 
consists of the piezo-electric substrate which arranged the excitation electrode 
made to generate a surface acoustic wave on the insulating base with which the 
conductor pattern was formed It is characterized by having laid in the condition of 
having turned the arrangement side of an excitation electrode up, and connecting 
through the conductor which prepared the input/output terminal connected to the 



conductor pattern on a base, and the excitation electrode of a surface acoustic 
element in the through tube penetrated to both the principal planes of a piezo- 
electric substrate. Moreover, it is characterized by making electric conduction 
resin intervene especially between the conductor pattern on a base, and the 
inferior surface of tongue of said piezo-electric substrate. 
[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the SAW 
equipment concerning this invention is explained to a detail based on a drawing. 
[0016] Drawing 1 - drawing 4 are the amputation stump side Figs, of the 
operation gestalt of SAW equipment S1 - S4. In addition, in drawing 1 -4, the 
same sign is given to the same member. 

[0017] The I/O electrode pad which is connected to the IDT electrode with which 
K1 carries out a SAW component and 1 carries out the postscript of a piezo- 
electric substrate and 2 in drawing 1 and which is the input/output terminal of the 
SAW component K1, Connection objects with electric 3, such as a bump, and 4 
are prepared on the insulating substrate (base) 7 which carries out a postscript, 
the electric conduction pattern 8 which flows outside and is connected to the 
connection object 3 - penetration -- the pad (conductor pattern) connected with 
the conductor (a through hole or beer hall) - They are the IDT electrode whose 5 
is an excitation electrode, the insulating substrate (base) with which insulating 
resin and 7 consist of a ceramic, resin, etc. in 6, and the lead pattern which 8 
was connected to the external drive circuit, the resonance circuit, the grounded 
circuit, etc., and was prepared in the insulating substrate 7. 9 is insulating resin 
which connects cap 10 with the insulating substrate 7. 10 is a cap which consists 
of a ceramic, resin, metals (covar, 42 alloys, aluminum, Cu, etc.), etc. 1 1 is the 
oscillating space of the IDT electrode 5. Since it flows through the I/O electrode 
pad 2 and the connection object 3, 12 is the conductor prepared in the through 
tube penetrated to both the principal planes of the piezo-electric substrate 1. 
[0018] The SAW component K1 is produced by [ which form the IDT electrode 5 
of the ctenidium-like electrode of a pair at least ] having been formed so that it 



might gear mutually. The IDT electrode 5 may connect and constitute two or 
more pairs of ctenidium-like electrodes from methods, such as series connection, 
parallel connection, and cascade connection, in order to acquire a desired 
property. 

[0019] The insulating substrate 7 is produced by carrying out the laminating of a 
ceramic substrate, or a ceramic substrate and a frame-like ceramic substrate, or 
processes one principal plane of substrates, such as resin and glass, with the 
etching method, the photolithography method and the etching method, a 
mechanical grinding method, or a laser process, and can form it easily. 
[0020] After processing a conductor 12 with the laser process by the YAG laser, 
carbon dioxide laser, an excimer laser, etc. and forming it, it fills up with and 
forms conductive paste, such as a silver paste. 

[0021] The IDT electrode 5 is formed by the thin film forming methods, such as 
vacuum deposition, the sputtering method, or a CVD method. 
[0022] Moreover, the connection object 3 is acquired by forming the bump who 
forms the wire of metals, such as Au and aluminum, so that it may become a 
bump by the ball bonding method, or consists of Au, solder, etc. on a conductor 
pattern 4 by vacuum deposition, print processes, the replica method, the 
nonelectrolytic plating method, or the electrolysis galvanizing method. 
[0023] Then, the conductor pattern 4 which established the connection object 3 
through the conductor 12 is made to flow through the rear face of a piezo-electric 
substrate in which the IDT electrode 5 was formed electrically by 
electroconductive glue, ultrasonic concomitant use thermocompression bonding, 
etc., it connects, and the SAW component K1 is fixed to the insulating substrate 
7. You may make it fix a conductor 12 with insulating resin 6 in the condition of 
having made the connection object 3 of a conductor pattern 4 contacting, at this 
time. 

[0024] And adhesion immobilization is carried out through the insulating resin 6 
which becomes the insulating substrate 7 with die bond material about the rear 
face of the SAW component K1 . 



[0025] Moreover, as an ingredient of insulating resin 6, although an epoxy resin, 
silicone resin, phenol resin, polyimide resin, thermosetting low melting glass, 
thermosetting thermoplastic polyphenylene sulfide, etc. are used, especially an 
epoxy resin is desirable an adhesive property, low hygroscopicity, electric 
insulation, a mechanical strength, chemical resistance, and in respect of thermal 
resistance. 

[0026] Finally, adhesion immobilization of the insulating substrate 7 made from a 
ceramic and cap 10 which laid the SAW component K1 is carried out with 
insulating resin 9, it considers as the configuration in which insulating resin 6 
does not infiltrate into the functional side in which the IDT electrode 5 was formed, 
and SAW equipment S1 is completed. 

[0027] Moreover, connection with the electric conduction pattern 4 in which the 
conductor 12 and the connection object 3 of the piezo-electric substrate 1 were 
formed, and connection of the above-mentioned insulating substrate 7 may be 
made to coincidence by heating connection of insulating resin 6. 
[0028] Moreover, the electric connection object 3 is not necessarily formed on the 
electric conduction pattern 4, but ** is also good and may prepare it in the SAW 
component K1 side. Hereafter, the configuration of each drawing is explained. 
[0029] drawing 1 -4 - the piezo-electric substrate 1 of the SAW component K1 - 
penetration - a conductor 12 is formed and it mounts in the insulating substrate 7 
or the insulating package 14 which carries out a postscript according to face-up 
structure as well as [ conventionally ] structure. 

[0030] Drawing 2 has die bond material and structure using the anisotropy 
electric conduction resin 13 which served as the role of a connection ingredient 
by the application of drawing 1 at connection of the SAW component K2 and the 
insulating package 14. Moreover, as anisotropy electric conduction resin 13, the 
epoxy resin in which the silver filler was made to mix is used. The lengthwise 
direction is made to produce a flow by using this anisotropy electric conduction 
resin 13. 15 is a lid which consists of a ceramic, resin metals (covar, 42 alloys, 
aluminum, Cu, etc.), etc. 14 is a package which consists of insulating ingredients, 



such as a ceramic and resin. Adhesion immobilization of the insulation package 
14 made from a ceramic and lid 15 which laid the SAW component K2 is carried 
out with the binders 16, such as seam welding or Au-Sn system solder, it 
considers as the configuration in which insulating resin does not infiltrate into the 
functional side in which the IDT electrode 5 was formed like before, and SAW 
equipment S2 is completed. In addition, you may mount with the structure using 
the insulating substrate 7 and cap 10 like drawing 1 . 

[0031] Drawing 3 is SAW equipment S3 of the modification of drawing 2 , is the 
rear face of the piezo-electric substrate 1 about the I/O pad 2 of the SAW 
component K3, and has structure which the conductor pattern 4 which 
established the connection object 3 through the conductor 12 was made to flow 
electrically by ultrasonic concomitant use thermocompression bonding etc., 
connected with it, and carried out adhesion immobilization. This as well as 
drawing 1 may be mounted with the structure using the insulating substrate 7 and 
cap 10. 

[0032] In order for insulating resin 6 to prevent trespassing upon a functional side 
so that drawing 4 may cover the IDT electrode 5 which constitutes the SAW 
component K4, After connecting the protective cover 17 which consists of a 
ceramic, resin, a metal, etc. by insulating resin etc. and connecting the SAW 
component K4 with the substrate 7 which consists of insulating ingredients, such 
as a ceramic and resin, by the same approach as drawing 1 , it has structure 
which carried out the mold of the insulating resin 6 to the whole SAW equipment 
S4 as a protective coat. 

[0033] Thus, as for each of drawing 2 and SAW equipments of drawing 3 , 
alignment can drop a SAW component by self-alignment. As for drawing 1 - 
drawing 4 , the positive airtight structure to which insulating resin does not enter 
the oscillating space of an IDT electrode is obtained. 

[0034] In drawing 1 - drawing 4 , by enclosing and sealing the air of low humidity 
in oscillating space, degradation by oxidation of the IDT electrode 5 can be 
controlled, and it is desirable. Moreover, the same effectiveness is acquired even 



if it encloses and seals inert gas, such as nitrogen gas and argon gas, etc. 
instead of air. 

[0035] In this invention, it consists of aluminum or an aluminum alloy (an 
aluminum-Cu system, aluminum-Ti system, etc.), and especially aluminum has 
high excitation effectiveness, and since ingredient cost is low, the IDT electrode 5 
has it. [ desirable ] Moreover, although the configuration of the IDT electrode 5 
has the shape of a ctenidium formed so that it might gear mutually, it may be the 
type which could apply also to the thing of a slit mold like a reflector which 
arranged two or more electrode fingers in parallel, and used them together. 
[0036] And the width of face of 50 to about 200 and an electrode finger is suitable 
for the logarithm of the IDT electrode 5, when spacing of about 0.1-10.0 
micrometers and an electrode finger acquires a property expected [ as a 
resonator or a filter ] in the crossover width of face of about 0.1-10.0 micrometers 
and an electrode finger setting thickness of about 10-80 micrometers and the IDT 
electrode 5 to about 0.2-0.4 micrometers. Moreover, if the reflector for reflecting 
SAW in the both ends of the propagation path of SAW of the IDT electrode 5, 
and resonating them efficiently may be prepared and piezoelectric material, such 
as ZnO, is further formed between electrode fingers, the resonance effectiveness 
of SAW improves and is suitable. 

[0037] Moreover, if the reflector for reflecting SAW in the both ends of the 
propagation path of SAW of the IDT electrode 5, and resonating them efficiently 
may be prepared and piezoelectric material, such as ZnO, is further formed 
between electrode fingers, the resonance effectiveness of SAW improves and is 
suitable. 

[0038] As a piezo-electric substrate for SAW components, it is LiTa03 of 36 
degreeY cut-X propagation. LiNb03 of a single crystal and 64 degreeY cut-X 
propagation LiB 407 of a single crystal and 45-degreeX cut-Z propagation Since 
[ that an electromechanical coupling coefficient is large and ] the group delay 
temperature coefficient of a single crystal is small, it is desirable. Moreover, the 
thickness of a piezo-electric substrate has about 0.3-0.5 goodmm, a piezo- 



electric substrate becomes weak in less than 0.3mm, and ingredient cost 
becomes large in 0.5mm **. 

[0039] In this way, this invention can prevent completely an enter lump of the 
insulating resin to the oscillating space of SAW, and forms oscillating space 
certainly, does not have property degradation of SAW equipment, and has thin- 
shape-izing and the operation effectiveness that small lightweight is formed and 
manufacture by low cost is still attained. 

[0040] In addition, this invention is not limited to the above-mentioned operation 
gestalt, and modification various by within the limits which does not deviate from 
the summary of this invention does not interfere at all. 
[0041] 

[Example] The surface acoustic wave equipment S1 shown in drawing 1 was 
constituted as follows. It is LiTa03 of 36 degreeY cut-X propagation as a piezo- 
electric substrate for SAW components. The chip size was set to 1.1mmx1.5mm 
using the single crystal. Moreover, Au and nickel of a total of 1 -micrometer 
thickness were formed for 3.0mmx3.0mm and an electric conduction pattern with 
nonelectrolytic plating as an insulating package. The insulating package used the 
package made from an alumina with a height of 0.8mm. 
[0042] The connection object formed the wire of Au on the above-mentioned 
electric conduction pattern so that it might become a bump by the ball bonding 
method. This diameter of a bump set to 70 micrometers, and height was set to 50 
micrometers. 

[0043] After it processed the conductor prepared in the through tube penetrated 
to both the principal planes of a piezo-electric substrate using carbon dioxide 
laser and it formed the hole of 20 micrometers of apertures, it filled up with and 
formed the silver paste. 

[0044] The connection between a bump and the conductor of a SAW component 
carried out imprint spreading of the thermosetting epoxy system 
electroconductive glue containing Ag at the bump 3, and carried out heating 
adhesion of a SAW component and the insulating substrate at 100 degrees C in 



nitrogen-gas-atmosphere mind. Finally, heating adhesion of the cap was carried 
out to the insulating substrate at 150 degrees C with epoxy system adhesives. 
[0045] The height of the surface acoustic wave equipment produced at such a 
process was set to 1.3mm. As mentioned above, the conventional wirebonding 
process was able to become unnecessary, the size of the space of the 
longitudinal direction of a wire and the height direction of a wire could be reduced, 
and miniaturization and thin shape-ization were able to be attained. 
[0046] If RF-SAW filter is mounted in the conventional ceramic package, as 
compared with a bare chip element, the magnitude of attenuation by the side of a 
RF will deteriorate remarkably. Moreover, the damping property by the side of the 
low frequency in a passband may deteriorate with a filter specification. This is 
considered to be the effect by the inductance component of a package and Au 
wire. By applying flip chip mounting, it is thought that the frequency 
characteristics of the filter near a bare chip element property are acquired. 
[0047] 

[Effect of the Invention] Since it connected through the conductor which prepared 
the input/output terminal connected to the conductor pattern on a base, and the 
excitation electrode of a surface acoustic element in the through tube penetrated 
to both the principal planes of a piezo-electric substrate according to the surface 
acoustic wave equipment of this invention as explained in full detail above Since 
the airtight of the oscillating space of a surface acoustic wave can be formed 
certainly, surface acoustic wave equipment excellent in the dependability which 
prevented completely the enter lump of the insulating resin to oscillating space, 
dust, etc., and prevented property degradation as much as possible can be 
offered. 

[0048] Moreover, since a piezo-electric substrate is laid and it fixes in the 
insulating substrate which has the almost same area of base as a piezo-electric 
substrate, or an insulating package, thin-shape-izing and a miniaturization can be 
attained, and when laying a piezo-electric substrate in an insulating package, the 
surface acoustic wave equipment which can be mounted with a sufficient 



precision by self-alignment can be offered. 

[0049] furthermore - since it can mount with face-up structure, after connecting - 
an appearance etc. - it can inspect - manufacture - easy surface acoustic wave 
equipment can be offered. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the end view for explaining typically 1 operation gestalt of the 

surface acoustic wave equipment concerning this invention. 

[Drawing 2] It is the end view for explaining typically other operation gestalten of 

the surface acoustic wave equipment concerning this invention. 

[Drawing 3] It is the end view for explaining typically other operation gestalten of 

the surface acoustic wave equipment concerning this invention. 

[Drawing 4] It is the end view for explaining typically other operation gestalten of 

the surface acoustic wave equipment concerning this invention. 

[Drawing 5] It is the end view for explaining conventional surface acoustic wave 

equipment typically. 

[Drawing 6] It is the end view for explaining other conventional surface acoustic 



wave equipments typically. 
[Description of Notations] 
1 : A piezo-electric substrate 
2: Pad 

3: Connection object (bump) 

4: Electric conduction pattern 

5: IDT electrode 

6: Insulating resin 

7: An insulating substrate (base) 

8: Electrode lead pattern 

9: Insulating resin 

10: Cap 

11: Oscillating space 
12: Conductor 

13: Anisotropy electric conduction resin 
14: An insulating package 
15: Lid (lid) 

16: Lid connection object 
17: Protective cover 
K1 - a K4:SAW component 
S1 - S4:SAW equipment 
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